The koala retrovirus (KoRV) is a gammaretrovirus closely related to the gibbon ape leukemia virus and induces leukemias and immune deficiencies associated with opportunistic infections, such as chlamydiosis. Here we characterize a KoRV newly isolated from an animal in a German zoo and show infection of human and rat cell lines in vitro and of rats in vivo, using immunological and PCR methods for virus detection. The KoRV transmembrane envelope protein (p15E) was cloned and expressed, and p15E-specific neutralizing antibodies able to prevent virus infection in vitro were developed. Finally, evidence for immunosuppressive properties of the KoRV was obtained.
Retroviruses have long been known to be capable of infecting new host species by transspecies transmission; human immunodeficiency viruses (HIV) types 1 and 2 are the products of such a transspecies transmission (12, 13) . The koala retrovirus (KoRV) is an example of a recent transspecies transmission and endogenization, whereas the closely related gibbon ape leukemia virus (GaLV) remains exogenous in gibbons. Although both viruses are related to endogenous retroviruses of South East Asian mice (18) , the transmission routes are still unknown. Koalas in Australia as well as in many zoos suffer from leukemia (1, 14) and from infections such as chlamydiosis (2) . Since Chlamydia infections are characteristically opportunistic infections commonly associated with retroviral infections, such as HIV and feline immunodeficiency virus (4, 5, 20) , it is likely that KoRV, as with many other retroviruses, is able to induce immunosuppression.
A new KoRV isolate was obtained from mitogen-stimulated peripheral blood mononuclear cells (PBMCs) of a healthy male animal from the Duisburg Zoo, Duisburg, Germany (designated KoRV Duisburg-Berlin [KoRV D-B ]). This strategy has been used previously to isolate porcine endogenous retroviruses (PERVs) from pig PBMCs (24) . To study the host range of KoRV, human 293 kidney cells and the human T lymphocyte lines C8166 and CEM, as well as rat and mouse fibroblasts (rat1 and NIH 3T3, respectively), were used. Provirus integration was shown by PCR in all cell lines except NIH 3T3 (Fig. 1a) , and the release of infectious virus was shown by the titration of cell-free supernatant on uninfected 293 (Fig. 1b) or C8166 cells. In addition, virus production was demonstrated by electron microscopy ( Fig. 1c and d) . Whereas virus particles produced after three passages on human 293 cells were characterized by a uniform morphology, particles from a lymphoma from an animal at the Antwerp Zoo (Fig. 1d) showed pleomorphic particles as described previously for the cells of a leukemic koala (26) .
The entire env gene (p15E and gp70) was amplified from the DNA of the animal from which KoRV D-B was isolated and sequenced. The sequence revealed an almost perfect match (14) . When the sequences of the ectodomains of p15E amplified from the DNA of one other healthy animal and one diseased animal were compared, no differences were found.
Biochemical and immunological characterizations of KoRV D-B were performed using virus produced by 293 cells, sodium dodecyl sulfate-polyacrylamide gel electrophoresis (for the major viral proteins, see Fig. 2a) , and Western blot analysis with two antisera. One antiserum was generated by immunizing with the recombinant ectodomain of p15E of KoRV (Fig. 2b) , and the other was specific for p27Gag of PERV (15) and cross-reacted with p27Gag of KoRV (Fig. 2c) . In contrast to murine leukemia viruses (MuLV), which contain p30Gag, PERV (25) and KoRV ( Fig. 2c) contain a p27Gag.
The p15E-specific antiserum was shown to neutralize KoRV in a neutralization assay based on the use of 293 cells and measurement of infection as provirus integration with realtime PCR. The inhibition of provirus integration by between 60 and 95% was detected at a serum dilution of 1:8 ( Fig. 2e) . Cell-free supernatant
a Antibodies (Ab) specific for p15E were detected by Western blot assay. b Provirus was measured in PBMC by PCR. This strategy may provide the basis for a vaccine preventing KoRV replication, as described previously for PERV (11) and feline leukemia virus (FeLV) (16, 17) .
As it was possible to productively infect rat cells with KoRV in vitro (Fig. 1a and b) , Wistar rats were inoculated with cellfree KoRV (grown either on rat1 cells or 293 cells) or with KoRV-producing rat1 cells. Eleven of 12 animals were positive for p15E-specific antibodies, and four animals showed high levels of provirus integration in PBMCs at day 21 (Ͼ2.5 ϫ 10 5 copies/ml whole blood) (Table 1) , indicating a productive infection in all 11 animals. The cell-associated virus load decreased, however, and 63 days postinoculation, no provirus was detected in the PBMCs of all inoculated rats. Despite this, coincubation of cell-free plasma and mitogen-stimulated PBMCs from these animals with 293 cells yielded infectious virus (except with rat 14). When organs (spleen, ovary, lymph node, lung, liver, and kidney) or PBMCs from two rats, 6 and 8, were analyzed for provirus integration on day 70, no KoRV sequences were detected. Whereas in 11 animals the virus load decreased after an initial peak, the situation was different for rat 14, in which KoRV-specific antibodies and provirus in PBMCs were not detected at days 21 and 63 and no infectious virus was released from mitogen-triggered PBMCs. However, 200 days after inoculation, rat 14 developed a fibrosarcoma on its back, and high levels of proviral DNA were detected in the tumor as well as all organs investigated (spleen, lymph node, lung, liver, kidney whole blood, and spinal cord), indicating that, finally, all 12 animals were infected. Further investigations are needed to clarify whether the KoRV caused this tumor. Many retroviruses, including HIV, MuLV, and FeLV, induce immunosuppression in the infected host (7), leading to opportunistic infections. Although the mechanism of the immunopathogenesis of these retroviruses is still unclear, there are indications that the highly conserved so-called immunosuppressive domains of their transmembrane envelope proteins are involved (8) . The sequences of the immunosuppressive domains are identical for KoRV, MuLV, and FeLV (3, 7). Purified viruses, specifically their transmembrane envelope proteins, as well as synthetic peptides corresponding to immunosuppressive domains of HIV and of FeLV (and therefore automatically also of KoRV), inhibited lymphocyte proliferation and modulated cytokine production, e.g., by an increase in interleukin-10 (IL-10) production (3, 7, 9) . When sucrose gradient-purified KoRV produced from 293 cells was incubated with PBMCs from healthy human blood donors, an increased production of IL-10 was observed (Fig. 3) . Using a cytokine array, elevated levels of IL-10, growth-related oncogene GRO, IL-6, and MCP-1 expression were found, while the expression of 18 other cytokines remained unchanged. Similar changes have been observed with HIV and FeLV, both of which induce immunodeficiencies in vivo (7) .
This report shows that KoRV, like its nearest relative GaLV, as well as PERV (23) , is able to infect a variety of human cells. These data confirm recently published findings showing infection of human, rat, hamster, and bovine cells by KoRV (21) . In contrast to PERV, which does not infect rat cells (22) , KoRV productively infected rat cells in vitro (Fig. 1a and b) . However, both PERV (15) and KoRV ( Fig. 1a and b) did not infect mouse cells, and in the case of PERV, the absence of a specific receptor was demonstrated (10) . Whereas, for lentiviruses, experimental transspecies transmissions have been reported repeatedly (7), this is the first report showing an experimental transspecies transmission of a gammaretrovirus in vivo. KoRV infection of rats represents an animal model that allows study of the efficacies of vaccines, based on neutralizing antibodies induced by immunization with p15E and gp70 of KoRV, as well as of antiviral drugs under in vivo conditions. GaLV, as the nearest relative of KoRV, is an example of a natural transspecies transmission (18, 19) . The fact that gibbons and koalas live on different continents suggests that the zoonosis may have involved an intermediate vector. The transfer probably occurred recently, because the level of sequence divergency between GaLV and KoRV is similar to that between two different strains of GaLV, SEATO and SF (6) . Although it has been suggested that GaLV originated from South East Asian mice, such as Mus caroli (18) , it is unlikely that the KoRV came from the same source in recent times. The evidence presented here that rats can be infected in vivo with KoRV may suggest a possible mode of transmission.
Protein structure accession number. The nucleotide sequence of the entire env gene (p15E and gp70) from the animal from which KoRV D-B was isolated has been submitted to GenBank under accession no. DQ174772. 
